A recent study showed that in E. coli T44 (2) carrying the t/f-1 mutation, elevated temperature and adenine can interfere with the translation process. The present study shows that the expression of t/f phenotypes (thermoinduction and filamentation) is suppressed by factors which affect ribosomal function. Ethanol suppresses thermoinduction and, in some spd mutants, both thermoinduction and filamentation are suppressed. An unknown factor(s) in yeast extract suppresses both thermoinduction and filamentation. In thermoresistant 'revertants' (ts+), the expression of the ts + phenotype is suppressed by yeast extract, ethanol, guanosine + cytidine and by the addition of a spc r mutation. This indicates that this phenotype could be due to suppressor mutations, and the interaction between factors affecting ribosomal function and the ts + phenotype suggests that the suppression of t/fin the ts + strains could operate on the ribosomal level. In vitro studies show that in extracts from either spd or ts + strains, or in the presence of ethanol, translational restriction is relieved, suggesting that the suppression of t/f phenotypes could involve the translation process.
Introduction
The strain T44 (2) from E. coli K-12 (C600), carries a temperature sensitive mutation (t/f-l) which is expressed in a diversity of phenotypes, normally induced by UV irradiation, when the culture is grown at high temperature. UV-inducible prophages are induced in lysogens and filaments are formed in nonlysogens (Kirby, Jacob and Goldthwait, 1967) ; the synthesis or activity of DNA repair enzymes and that * On leave from." Department of Molecular Biology, The Hebrew University-Hadassah Medical School, Jerusalem, Israel
For offprints contact: S. Luther-Davies of protein X are increased (Castellazzi, George and Buttin, 1972; Sedgwick, 1975; Gudas and Pardee, 1975; Gudas, 1976 ) and mutator activity is displayed (Witkin, 1974; George, Castellazzi and Buttin, 1975) . The presence of adenine markedly enhances the expression of these phenotypes while guanosine and cytidine suppress t/f expression (Kirby et al. 1967; George et al., 1975) . It has been shown recently (Ephrati-Elizur, Luther-Davies and Hayes, 1976 ) that the phenotype of t/f can temporarily be suppressed in cultures which have been grown in the presence of streptomycin (Sm) and that cell extracts from cultures grown with adenine at 37 ° translate less efficiently than those from cultures grown at 30 ° . It has been suggested that the t/f mutation affects the translation process and that inadequate synthesis of regulatory molecules at elevated temperature could be responsible for the expression of the various t/f phenotypes (Ephrati-Elizur, Luther-Davies and Hayes, 1976 ).
The present study shows that thermal induction of 2 in E. coli T44 (2) does not occur in the presence of ethanol or yeast extract (YE) . YE also prevents filamentation. Certain mutants resistant to spectinomycin (spc r) suppress thermoinduction and filamentation to varying degrees. Conversely, the expression of the ts + phenotype in thermoresistant 'revertants' is effectively suppressed by YE with guanosine + cytidine (GC), or by the addition of a spc r mutation.
The implication of these findings is discussed.
Results
Minimal medium M9 (Miller, 1972) with 1 lag/ml thiamine and 0.4% glucose. The same medium supplemented with L-threonine and L-leucine, 20 gg/ml each (MinTL); supplemented with 0.2% casamino acids and 0.2% glucose (MinCA). Min CA with 100 gg/ ml adenine (MinCA-adenine). MinCA with 100 lag/ml guanosine (MinCA-guanosine). For plates, the media used are the same with 1.5% agar. The strains are maintained on MinCA-guanosine agar. Routinely, starting cultures are grown overnight, with aeration, at 30 ° in MinCA-guanosine medium or on similar agar plates.
Growth on selective media is examined by diluting cell suspensions from ca. 107 to 102 cells/ml. Drops of 0.01 ml from these dilutions are spotted on plates.
Suppression of Thermoinduction by Ethanol
Figure 1 a shows that a culture of T44 ()0, grown in MinCA-guanosine at 30 ° and transferred to MinCA-adenine at 40 ° begins to lyse within 60-90 rain. When ethanol (2%) is added to the 40 ° culture, lysis is inhibited and the culture increases its O.D. several-fold. If ethanol is present only during 30 ° incubation, lysis at 40 ° is delayed but prevention of lysis is entirely dependent on the presence of ethaMessenger RNAs. (1) RNA was prepared from MS2 phage by phenol extraction as the K + salt and stored in liquid nitrogen in 0.01 M Tris-C1 pH 7.6 (2) Poly-uridilic acid (Boehringer).
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Preparation of S-30. Cells grown to mid-log phase were harvested '= at 4 °, washed twice with a buffer containing 10 mM Tris-acetate =z 60 pH 8.2, 14 mM Mg-acetate, 60 mM KC1 and 1 mM dithiothreotol _ (DTT) (buffer A), and stored frozen in liquid nitrogen. For prepa-~ 40 ration of S-30, cells were thawed at 4 °, mixed 1:1 gm:ml with buffer A and disrupted by passage twice through a French pressure O 20 cell at 18,000 psi. Additional DTT (10 laM to 8 g cells) was added after the second passage through the cell. The extract was spun twice at 30,000 g for 30', then preincubated at 37 ° for 80', and a 0 dialysed overnight against 4 x 11 buffer B (as buffer A but containing 60 mM K-acetate instead of KC1). The extract was then spun at 30,000 g for 15' and the top 75% taken and put into 0.2 ml aliquots for storage in liquid nitrogen. (When the preparation ap-~09 peared cloudy, a second spin at 30,000 g for 10' was included.) Aliquots were used immediately after thawing on ice.
In vitro Amino Acid Incorporation. 50 I11 incubation mixtures contained (unless otherwise stated) 2 mM Tris-acetate pH 8.2, 50 mM Tris-C1 pH 7.8, 75 mM NH4CI, 15 mM Mg-acetate, 12raM Kacetate, 2 mM DTT, 3 mM di-sodium ATP, 0.5 mM tetrasodium-GTP, 5 mM phosphoenol-pyruvate, 30 lag/ml pyruvate kinase, 25 laM unlabelled amino acids (AA) -(all 20 AA were present when only one amino acid was labelled; when a mixture of labelled AA was used, these were omitted from the cold mixture), 0.015 laCi 14C-AA mixture (14 AA, Amersham) or 0.015-0.125 laCi of a single labelled 14C-amino acid (Amersham), 10 lag of Poly U or 50 lag of MS2 m-RNA and 10 lal S-30 ribosomal preparation. The incubations were carried out at 34 ° for 30', 20 gl samples put onto filter paper and treated with 10% TCA at 0 ° for 30', two washes of 5% TCA at 0 ° for 10' each, 5% TCA at 90 ° for 15', two washes in 5% TCA at room temperature for 5' each; then treated with a 1:1 mixture of ether and ethanol at 37 ° for 10', and ether at 37 ° for another 10', air dried, put into 2.5 ml scintillation fluid [toluene with 2 g/1 2,5-diphenyloxazole (PPO)] and counted for 10' on a Beckman LS250 scintillation counter. (Cell-free system modified after Modolell, 1971) .
Transduction Procedure
Cells grown overnight at 30 ° in MinCA were spun down and resuspended in MC buffer (Miller 1972) . 1 ml of the suspension was incubated for 20' at 30 ° with 0.1 ml of the phage Plkc (10 l° pfu/ml) which had been grown on the donor strain. 0.2 ml of 1M sodium citrate was added, and 0.1 ml aliquots plated on MinCA + 200 lag/ml Spc. Control tubes Without phage were similarly treated. Colonies were picked after 48 hrs' incubation at 30 ° and retested on MinCA + 200 gg/ml Spc before use. nol at 40 °. Figure lb shows that at 40 ° the control T44 (2) culture rapidly dies while the same culture with ethanol does not, doubling twice before division stops. No single colonies are formed on MinTL or MinCA-adenine plates with 2 6% ethanol at 42 °. Thus, ethanol suppresses thermoinduction but not the division defect of the t/f-1 mutation. Ethanol does not inhibit induction caused by mitomycin C (not shown). Ethanol, known to increase translational ambiguity, was also found in the present study to have this effect in in vitro studies (not shown). It seems reasonable to assume that ethanol suppresses thermoinduction by its effect on translation.
Suppression of Thermoinduction and Filamentation by Yeast Extract
The expression of the t/f-1 mutation is suppressed by rich medium (Castellazzi, George and Buttin, 1972) . In the present study it was found that YE, a component of rich media, harbours the suppressive factor(s). Figure 2 shows that 0.5% YE suppresses both thermoinduction and filamentation while lower concentrations suppress only thermoinduction effectively. The GC found in YE is not the suppressive factor since increasing the GC concentration from 100-150 gg/ml had no additional effect. An interaction between the GC in YE and an additional factor in YE cannot be ruled out. Similar results were obtained with the non-lysogenic strain JM12 carrying the t/f-1 mutation, where 0.5% YE suppressed illamentation and 0.1% YE allowed four doublings only (not shown). Vitamins found in YE (according to Difco analysis) were tested at concentrations equiva-
Time (hours) Fig. 2 . The effect of YE, vitamins and GC on thermoinduction of T44 (2) grown in MinCA-adenine at 40 °. Numbers in brackets = final viable count lent to that in 0.5% YE and no suppressive effect was observed ( Fig. 2 ) YE had no effect on translation in vitro and its site of action is at present not known.
The Suppression of Thermoinduction by spc ~ Mutations
Spontaneous mutants resistant to 100 and 200 gg/ml Spc were examined for sensitivity thermoinduction. Figure 3a shows that mutants resistant to 100 ~tg/ml Spc are, to varying degrees, resistant to thermoinduction. However, two strains resistant to 200 lag/ml Spc (Spc ~ (211) only shown) lyse even faster than the control culture of T44 (2). Table 1 shows that spc r mutants suppress filamentation to different degrees. However, this suppression is sensitive to the presence of adenine. In most mutants the addition of 0.05% YE or GC to the medium counteracts, to different degrees, the inhibitory effect of adenine and, in some cases, the effect of elevated temperature. It can be seen that YE and GC affect different mutants. In strain Spc r (21) YE is more effective than GC, while in strains Spc r (22) and Spc r (24) the reverse is observed, suggesting a different mode of action for YE and GC. A combination of YE and GC had, in some spc r mutants, a similar effect to that of each factor alone but in others, as well as in T44 (2), it had a detrimental effect. Ethanol had no effect on the growth of spc" mutants at 42 ° on solid media (not shown). Table 2 shows that the ts + 'revertants' are not sensitive to adenine at 42 ° . However, in contrast to the spc': mutants, the growth of the ts + strains at 42 ° is inhibited by YE, GC and ethanol, and particularly by the combination of YE and GC, (Figs. 4 and 5) where the inhibition is up to five thousand-fold more than by each factor alone. It can be seen that the UV-sensitive ts ÷ strains are more resitant to ethanol than the others. The inhibitory effect of these Table 1 . Colony forming ability of spe ~ mutants of T44 (2) MinCA-adenine b On MinCA-adenine at 42 °, T44 (~) is able to form minute colonies only, (see Fig. 4 ) while the other strains from colonies of normal size + + complete lysis; + partial lysis; ± trace of lysis; -no lysis Table 1 various factors on the growth of the ts + strains is observed only at 42 °, and only filamentation is affected. Strain C600 (2) is not affected by any of these factors.
The results indicate that the ts ÷ strains are not true revertants. All strains release some phage during growth in MinCA-adenine at 40 °. The ts + strains fall into at least two categories, UV-sensitive and UVresistant (Castellazzi et al., 1972; George et al., 1975) . Further characterization of these mutants will be carried out.
The Suppressive Effect of a spc r Mutation on the Phenotype of ts + 'Revertants'
Since the ts + phenotype of the 'revertant' strains is suppressed by ethanol, it was of interest to look for a possible interaction between a ribosomal mutation and the ts + phenotype. A spc r mutation which did not suppress ttfexpression (from Spc r (211)) was introduced into the ts ÷ strains and transductants were tested for thermoinduction and filamentation. (Only strain ts ÷ 13 did not give any spc r transductants.) Table 3 shows that when the spc r mutation is introduced into ts + 'revertants', the suppression of filamentation is abolished in the UV-resistant strains. In the UV-sensitive strains, suppression of filamentation is not affected in the absence of adenine, although the growth at 42 ° is rather slow. However, in the presence of adenine, they are almost as sensitive to temperature as the UV-resitant strains, indicating that there may be a correlation between the effect of adenine and the ribosomal alteration. These results suggest that the mechanism of suppres- Table 3 . Colony-forming ability of Spc resistant ts" 'revertants' of T44 (2). The effect of the spc r mutation from Spc r (211) UV-sensitive see Table 1  d These strains were able to form colonies at 42 ° on MinTL after 3 4 days' incubation sion of filamentation is different in the UV-sensitive and UV-resistant strains. The introduction of the spc r mutation does not affect the suppression of thermoinduction. Figure 6 shows the degree of misincorporation of isoleucine with poly U as m-RNA using extracts of T44 (2) grown at 30 ° and 37 °, a spc r mutant grown at 37 ° and a ts + strain grown at 37 ° with adenine. It can be seen that growth at 37 ° affects only strain T44 (2), the other strains maintaining the degree of mM Mg ++ Fig. 6 . Incorporation of 14C-isoleucine directed by Poly U as a function of Mg ++ concentration. Incubations were carried out as described in Methods section using 0.015gCi l¢C-isoleucine (330~tCi/mMol). Symbols: S-30 from T44 (2) grown in MinCA at 30 ° (o--0), in MinCA at 37 ° (t--e), from ts + 10a grown in MinCA-adenine at 37 ° ([]--D), and from Spc r (3) grown in MinCA at 37 ° (m--i). The incorporation of phenylalanine by all extracts was similar, giving between 6600 cpm and 7600 cpm at 12raM Mg ++ ambiguity shown by T44 (2) grown at 30 °. With MS2 m-RNA, efficiency of translation is markedly reduced when T44 (2) has been grown at 37 ° while the temperature effect is less marked in spd and ts ÷ strains (not shown).
Studies in vitro
Discussion
In a recent study it was found that cell-free extracts from T44 (2) cultures grown at 37 ° translate less efficiently than those from 30 ° cultures and, particularly in the presence of adenine, there was a marked decrease in translational ambiguity (EphratiElizur et al., 1976 ). The present communication shows that ttfs phenotypes (thermoinduction and filamentation) can be suppressed by several factors, two of which are known to affect ribosomal function. Ethanol, which suppress thermoinduction, but not filamentation, has been shown to increase translational ambiguity in vitro (So and Davie, 1964) , and in vivo, where it can substitute for Sm in some Sm dependent strains (Gorini, Rosset and Zimmermann, 1967; Bjare and Gorini, 1971) . In the present study too, ethanol increased translational ambiguity in vitro (misincorporation of isoleucine with Poly U as m-RNA). Since translational restriction has been observed at elevated temperature in T44 (2), it might be assumed that ethanol inhibits thermoinduction by maintaining the normal level of ambiguity. However, other unknown effects of ethanol cannot be excluded. Thermoinduction and filamentation are suppressed to varying degrees in spc r mutants. The degree of translational ambiguity in cell-free extracts of a spc ~ mutant, grown at 37 ° , was found to be higher than that of a T44 (2) culture grown at 37 ° and similar to the ambiguity observed in extracts from a 30 ° culture. Similarly, using MS2 RNA, the efficiency of translation is higher in the extract from the spc r culture (not shown).
A spc r mutation (residing in the $5 ribosomal protein) has been shown to abolish the translational restriction imposed by mutations to Sm resistance (Kuwano, Endo and Ohnishi, 1969) . In other studies, none of the strains which suppress Sm dependence, and are known to harbour alterations in the $5 protein, were resistant to spectinomycin (Hasenbank et al., 1973; Kreider and Brownstein, 1972) . Revertants from Sm dependence (with altered $5 protein) were shown to have increased translational ambiguity (Piepersberg, B6ck and Wittmann, 1975; Kreider and Brownstein, 1974) while no such increase has been observed in spc r mutants (Piepersberg et al., 1975) . It is possible that the mutants described here are similar to those found by Kuwano et al. and that, while the changes caused by these mutations are sufficient to counteract the translational defect of t/f, they may not be adequate to suppress Sm dependence or resistance in most cases (Hasenbank et al., 1973; Piepersberg et al., 1975) . The nature of these changes is probably different from those caused by ethanol since the latter has no suppressive effect on filamentation. Although, in both cases, translational restriction is relieved, the restriction itself could be just one manifestation of a more complex process. Thermoinduction and filamentation are suppressed by YE and in ts + 'revertants'. Although YE had no demonstrable effect in vitro, it may specifically affect ttf function: in the 'revertant' strains it suppresses the ts ÷ phenotype, particularly in combination with GC at 42 °, while having no effect on their growth at 30 °. The ts ÷ phenotype is similarly suppressed by ethanol or by an additional mutation to spc r. Alterations in different ribosomal proteins have been shown to interact and cause partial or total masking of one of the phenotypes (Apirion and Schlessinger, 1969) ; mutations in either ribosomal protein $4 or $5 suppress Sm dependence or resistance but there is no suppression if both $4 and $5 proteins are altered (Wittmann and Apirion, 1975) . The loss of suppression caused by the introduction of the spc r mutation into the ts + 'revertants' may be analogous to this phenomenon, implying that the ts + and the t/f-1 mutation affect ribosomal function. If, as the results suggest, t/f is involved with ribosomal activity and since it is part of the recA gene (Bachmann, Low and Taylor, 1976; Castellazzi, Morand, George and Burrin, in press) , it might be inferred that the function of the recA gene product is associated with the translation process.
